Grafts of favorable axonal growth substrates were combined with transient nerve growth factor (NGF) infusions to promote morphological and functional recovery in the adult rat brain after lesions of the septohippocampal projection. Long-term septal cholinergic neuronal rescue and partial hippocampal reinnervation were achieved, resulting in partial functional recovery on a simple task assessing habituation but not on a more complex task assessing spatial reference memory. Control Neurons of the adult mammalian central nervous system (CNS) possess a limited capacity for recovery after injury (1-4). Factors that account for this limitation probably include a minimal or absent increase in neurotrophic factor levels after injury, a lack of suitable guidance channels and substrates to promote and direct axonal regrowth after injury, and the presence of growth-inhibiting molecules on CNS myelin (5). In contrast, elevation in neurotrophic factor levels (6, 7) and production of substrate molecules that promote and guide axonal growth (8-10) contribute to functionally significant axonal regeneration in the peripheral nervous system.
Neurons of the adult mammalian central nervous system (CNS) possess a limited capacity for recovery after injury (1) (2) (3) (4) . Factors that account for this limitation probably include a minimal or absent increase in neurotrophic factor levels after injury, a lack of suitable guidance channels and substrates to promote and direct axonal regrowth after injury, and the presence of growth-inhibiting molecules on CNS myelin (5) . In contrast, elevation in neurotrophic factor levels (6, 7) and production of substrate molecules that promote and guide axonal growth (8) (9) (10) contribute to functionally significant axonal regeneration in the peripheral nervous system.
Various substances have been grafted to the CNS to promote regeneration of host projections after injury, including peripheral nerve segments (1, 3) , synthetic growth substrates (e.g., nitrocellulose, collagen gels, or amniotic membrane) (11, 12) , and fetal brain grafts that are utilized as "bridges" for host axonal neurite growth rather than as replacements for host neurons (13, 14) . In the latter instance, host fibers penetrate into and through the fetal graft to reach their host target, rather than forming synapses exclusively in the graft (13, 14) . These methods for reconstructing host circuitry have resulted in partial reinnervation and electrophysiological responsiveness of host targets after axonal transection (14, 15) . To 
RESULTS
Medial septal cholinergic neurons were quantified by specific labeling with the antibody to the p75 low-affinity NGFr, which colocalizes with basal forebrain cholinergic neurons (22) . The transient (9- Fig. 2 ). All animals with fetal bridges that spanned the lesion cavity showed significant cholinergic fiber growth into the hippocampus for distances of up to 2.8 mm (P < 0.0001) and a significantly elevated density of fibers within the hippocampus (P < 0.0001) compared to control subjects lacking bridges. The extent of fiber growth in animals that received NGF infusions with bridges did not differ from that in animals receiving bridges alone. Injections of retrogradely transported fluorescent rhodamine microspheres into the hippocampi of selected animals showed restoration of connectivity between host septum and hippocampus in grafted animals only (Fig. 2) .
On behavioral testing, only lesioned animals that received combined NGF infusions with bridges (NGF-graft) showed significant recovery of habituation (Table 2 ). In the habituation task, repeated exposure to a novel environment results in diminished exploratory behavior, possibly reflecting retention of memory for previous exposures (20, 24, 25) . This paradigm evaluates nonassociative learning without manipulation of motivational conditions, thereby assessing function without introducing artifact by manipulation of motivational parameters or the environment (24) . NGF-graft animals showed a significant diminishment in activity on the second day of testing compared to their first exposure to the chamber, with a drop of 15.0 ± 5.6% in exploratory activity (P < 0.05; Table  2 ). Intact animals showed a similar degree of reduction in exploratory movement: 18.6 ± 10.3% (P < 0.05). All other groups failed to exhibit habituation on the second day of testing (P > 0.05). All groups of animals showed habituation between sessions 1 and 2 on the first day of testing, in which the duration between exposures to the activity chamber was very brief (15 min; Table 2 ). All groups of lesioned animals also showed motor hyperactivity relative to intact animals, yet the magnitude of activity reduction expressed proportionately in lesioned animals from sessions 1 to 2 was equal to that of intact animals. Thus, lesioned animals were capable of habituating, but only the NGF-graft animals continued to sustain their habituation after a prolonged 24-hr delay. Since NGF-graft animals showed a degree of hyperactivity equal to that of other lesioned groups during session 1 of testing, the mechanism of this improvement is unlikely to be attributable simply to a reduction in motor hyperactivity. On a second behavioral task, the Morris water maze, the ability of subjects to locate a hidden platform by using visual cues assessed spatial reference memory (21) . This task depends upon acquisition of a procedural memory component (recognition that escape from the pool is possible by climbing (26) , and electrophysiological responsiveness (14, 15) in reconstructed host projections. The observed degree of behavioral recovery was partial, since function improved on a simple (habituation) (20) but not a complex (spatial reference memory) task (21) . Recovery of habituation reflects hippocampal function, although whether the character of that function is mnemonic, attentional, or another cognitive element has not been proven (20, 24, 25, (27) (28) (29) (30) (31) (32) . The fact that cell savings and axonal regrowth were elicited from a projection to the hippocampus that is known to subserve mnemonic function, however, suggests that mnemonic dysfunctions were ameliorated. Recovery of more complex behaviors will require more extensive cell savings and/or more complete host reinnervation. Functional recovery may also be enhanced in this model by influencing hippocampalseptal projections, which form reciprocal inputs that modulate hippocampal function (33) . The (34) . If basal forebrain neurons are subsequently axotomized, however, they degenerate (34) . We 
